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^) A gamma-ray logging system. 

In a natural gamma-ray logging system gain stabilization la 
by providing a source (13) of light pulses that are 
comparable to gamma-ray scintillations but of higher energy 
than the natural gamma radiation. In addition, the system 
include a spectrum stabilizer (17) which compares the light 
pulse peak with a gain reference peak and adjusts the gain of 
the system In response to said comparison. 
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Description 



A GAMMA-RAY LOGGING SYSTEM 



This invention relates to a system for measuring 
the natural gamma radiation of surface and subsur- 
face formations. 5 

Various methods and apparatus have been 
utilized in the well logging art to study the radioactive 
properties of subsurface formations, both where the 
radioactivity is natural and where it is artificially 
induced. Logs of such properties aid in the study of w 
the nature of the subsurface formations, particularly 
in exploration for minerals and hydrocarbon de- 
posits. Certain elements in the subsurface forma- 
tions exhibit distinctive properties which are 
measurable in situ. Of the many elements that occur, 15 
potassium (K), uranium (U), and thorium (Th) are 
important natural sources of gamma radiation. Each 
of these elements either contains, or radioactively 
decays to, radioactive isotopes which emit gamma 
radiation at characteristic energy levels. The natural 20 
gamma-ray spectrum of a given formation, therefore, 
exhibits peaks of intensity at energies correspond- 
ing to the potassium, uranium, and thorium content 
of the formation. 

U.S. Patent No. 3,940,610 discloses a borehole 25 
logging system which employs a gamma-ray detec- 
tor for measuring the total natural gamma radiation 
within the borehole. Three energy band selectors 
discriminate this measurement of the gamma-ray 
detector into potassium, uranium, and thorium 30 
energy band signals centered about the energy 
levels at which potassium, uranium, and thorium 
exhibit peak gamma radiation intensities. 

These potassium, uranium, and thorium energy 
band signals are then applied to a stripping unit 35 
having potassium and uranium channels. The potas- 
sium channel strips the potassium gamma radiation 
measurement, as represented by the potassium 
energy band signal, of the influence from the gamma 
radiation from uranium and thorium. Further, the 40 
uranium channel strips the uranium gamma radiation 
measurement, as represented by the uranium en- 
ergy band signal, of the influence from the gamma 
radiation from thorium. 

For a further discussion on the applications of 45 
field gamma-ray spectrometry as a geological map- 
ping and exploration tool, reference may be had to 
an article entitled "Techniques of Field Gamma-ray 
Spectrometry" in the Mineralogical Magazine , De- 
cember. 1981, Vol. 44. 50 

The present invention is directed to a gamma-ray 
logging system comprising: 

a) a gamma-ray detector for measuring 
natural gamma radiation of formations sur- 
rounding a borehole ; 55 

b) a light source for producing light pulses 
comparable to gamma-ray scintillations but of 
higher energy than said natural gamma radia- 
tion; 

c) means for providing a total energy spec- 60 
trum signal representative of the energies of 

said natural gamma radiation and said light 
pulses; and 



d) means for comparing said energy spec- 
trum signal to a gain reference peak and 
adjusting said energy spectrum signal with 
respect to said gain reference peak to maintain 
gain stabilization. 

In the accompanying drawings, FIG. 1 is a 
diagrammatic illustration of a borehole logging 
system useful in recording natural gamma-ray 
spectral energy from subsurface formations 
surrounding a borehole; 

FIG. 2 is a graphical representation of the 
relationship of gamma-ray energy to channel 
number for a pulse height spectrum of natural 
gamma radiation recorded by the borehole 
logging system of FIG. 1. 

FIG. 3 is a block diagram of the downhole 
natural gamma radiation measuring portion of 
the borehole logging system of FIG. 1 including 
gain stabilization circuitry according to one 
example of the present invention; and 

FIG. 4 is a graphical representation of the 
gamma ray energy spectrum over which the 
gain stabilization of said one example is carried 
out. 

Referring to the drawings, a natural gamma 
radiation borehole logging system of the type 
disclosed in the aforementioned U.S. Pat. 
No. 3,940,610 is illustrated in FIG. 1. This system 
measures the intensity of gamma-rays from a 
subsurface formation 6 as a function of their energy. 
The borehole tool 5 includes a gamma-ray detector 7 
and an amplifier 8. The gamma-ray detector 7 
preferably includes a scintillation-type detector 10 
(e.g., a crystal of sodium iodide activated with 
thallium) which cooperates with a photo multiplier 
tube 1 1 to detect the natural gamma radiation. The 
sodium iodide gives off quanta of light energy called 
photons, the intensity of which is proportional to the 
energy of the gamma-ray interaction in the sodium 
iodide crystal. The photomultiplier tube responds to 
these photons to produce a succession of pulses 
having magnitudes proportional to the energy of the 
gamma-rays. These pulses are sent uphole byway of 
the amplifier 8 and a logging cable 9 to a recorder 4. 
The recorded gamma-ray pulse height spectrum 
reflects the number of incident gamma-rays de- 
tected per potassium, uranium or thorium channel. 
These channels are linearly related to gamma-ray 
energy, as illustrated in FIG. 2. The stability of the 
pulse height spectrum depends on two parameters 
remaining constant, these parameters being the 
zero energy offset and the gain of the gamma-ray 
detector and its associated borehole tool electro- 
nics. The present invention is directed to a method 
for the stabilization of the gain parameter. 

Gain drift causes a shift in the energy calibration 
slope of the pulse height spectrum. Gain changes 
will shift both the absolute as well as relative position 
of peaks in the spectrum. Gain often changes as a 
function of the borehole temperature. As in the case 
of variation of the zero energy offset, gain drift 
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results in poor spectral resolution and erroneous 
quantitative estimates made therefrom. 
Referring now to FIG. 3. there is illustrated a 



interfering wtth the gamma-ray region under investi- 
gation. The Intensity of the LED 13 is varied to adjust 
the location of the high-energy reference peak in the 
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also receives light pulses from a light emitting diode 
(LED) 13 powered by an LED driver 12. Such LED 
light pulses are comparable to high-energy gamma- 
ray scintillations and are used for system gain 
stabilization. The analog output of photomultipller 11 
Is amplified by the amplifier 8 and converted to a 
digital signal by an anafog-to-digltaj converter (ADC) 
16. A spectrum stabilizer 17 senses the position of 
the reference system gain peaks in the digital signal. 
The spectrum anaJyzer, by way of feedback, passes 
a signal to the ADC 16 to adjust such system gain as 
necessary to maintain stabilization. The digital 
signal, representing the pulse height spectrum, 
compensated for system gain instabilities, is then 
applied to a multichannel analyzer 18. The multichan- 
nel analyzer 18 records the entire gamma-ray 
spectrum from 200 KEV to 3.5 MEV. Gamma-ray 
peaks from the naturally occurring radiations of 
potassium, uranium and thorium channels are 
centered about 1.46 MEV, 1.76 MEV, and 2.62 MEV, 
respectively. The digitized, full pulse height spectra 
are then telemetered from multichannel analyzer 18 
uphole where the full spectra are recorded by 
recorder 4. 

The operation of the spectrum stabilizer 17 In 
correcting gain drift will now be described In detail. 
Gain drift, which causes a shift in the energy 
calibration slope factor of a given spectrum, is 
expressed as a percentage of the number of 
channels shifted from a particular channel location. 
The reference point for selecting gain stabilization 
should be selected from one of the higher numbered 
channels. 

Spectrum stabilizer 17 monitors the position of 
the high-energy LED light pulse peak in the energy 
spectrum for the purpose of gain stabilization. The 
energy of the LED light pulse is chosen such that the 
high-energy LED peak does not Interfere with the 
natural gamma-ray spectrum as shown in FIG. 4. A 
comparator 32 compares the events detected in 
windows W1 and W2 set immediately above and 
below a high-energy, gain reference peak channel, 
or gain control, with the gain reference peak. Such 
windows W1 and W2 are shown in FIG. 4 on either 
side of the LED high-energy light pulse peak. When a 
change in the position of the high-energy peak in the 
measured energy spectrum with respect to the gain 
reference peak is sensed, a signal is provided by a 
digital-to-anologue converter (DAC) 33 to the ADC 
16 to adjust the gain until this peak is positioned 
properly. 

The LED 13 provides the high-energy reference 
peak in the highest portion of the gamma-ray 
spectrum in lieu of an actual gamma-ray source, 
since a gamma-ray source would also provide 
gamma-ray scattering to lower energies, thereby 



w voltages to the ADC 16 when peak shifting is 
sensed. By monitoring the ADC 16 output and 
providing the necessary correction voltages, the 
spectrum stabilizer 17 provides a closed loop servo 
system capable of providing drift-free operation of 

15 the gain of the gamma-ray logging system. 



CtaJma 

20 

1. A gamma-ray logging system, comprising: 

a) a gamma-ray detector for measuring 
natural gamma radiation of formations 
surrounding a borehole, 
25 b) a light source for producing light 

pulses comparable to gamma-ray scintilla- 
tions but of higher energy than said natural 
gamma radiation, 

c) means for providing a total energy 
30 spectrum signal representative of the en- 
ergies of said natural gamma radiation and 
said light pulses, and 

d) means for comparing said energy 
spectrum signal to a gain reference peak 

35 and adjusting said energy spectrum signal 

with respect to said gain reference peak to 
maintain gain stabilization. 

2. The system of claim 1 wherein said 
comparing means compares the position in the 

40 energy spectrum of the light pulse peak with 

that of said gain reference peak and gain 
adjustment means adjusts the gain of the 
systemlnrespcrisetoanydlffererK^lnposWon 
of said peaks. 
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